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12.1.2 Periphyton

Peri phyton are algae that live attached to or in close proximty of the
stream bottom Al though other plants may occupy the stream benthos, notably
nosses and "hi gher plants" (nacrophyton), algae contribute nore to the
diversity and productivity of Montana streanms, particularly streams in the
nmount ai nous regi on of the state.

Peri phyton al gae nmay form colonies or filanents that are visible to the
unai ded eye, or they may be one-celled, mcroscopic plants that are visible
only in their accunul ated growth. Two basic types of algae are found in
Mont ana streans: diatonms (Division Chrysophyta, C ass Bacill ariophyceae)
and soft-bodied algae. Soft-bodied algae are represented by four nmjor

di vi sions: green al gae (Chlorophyta), blue-green al gae or cyanobacteria
(Cyanophyta), gol den-brown al gae (Chrysophyta), and red al gae (Rhodophyta).

Pi gmented growt hs of bacteria and fungi (i.e., iron bacteria, "yellow boy",
and "sewage fungus") are sonetines found in Montana waters. These grow hs
typically include one or nore species of algae interspersed within their
matri x. The diverse conmunity of algae, fungi, bacteria and

nm croi nvertebrates (nematodes, protozoa, rotifers, etc.) that forns a sline
or filmcoating the streambottomis called the Aufwuchs. Sonetinmes this
comruni ty of autotrophs and heterotrophs is also called "periphyton".

For nmore information about periphyton, the advantages of using benthic al gae
in stream surveys, and collection and bi oassessnment nethods, refer to APHA
et al. (1992), Plafkin et al. (1989), Porter et al. (1993), and Britton and
Greeson (1989).

A. | NDEX PERI OD

Al t hough stream peri phyton nmay be assessed anytinme of the year, the
recomended tinme is sumer (June 21 to Septenber 21). This is a tinme of
stable flows and peak periphyton diversity and standing crop in nbost Mntana
streans. Summer is also the season nost anmenable for field work in Mntana
and the season during which nost reference data have been coll ected.

High flows and turbid waters should be avoi ded because they linit access to
and obscure visibility of the stream bottom Assessnents should be del ayed
for at |east two weeks follow ng high, bottomscouring streanflows to all ow
for recolonization by al gae and succession to a mature peri phyton comunity.

It may be necessary to sanple outside the summer period to coincide with
flows in ephenmeral or dewatered streans, or to track seasonal changes in the
biointegrity. Wen nonitoring for trends fromyear to year, mninize the
bet ween-year variance by perform ng the assessnents on or about the sane
date each year.

B. SITE SELECTI ON
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Sel ection of sanpling |ocations depends largely on the objectives of the
assessnment. Factors to consider include access, |ocation of contan nant
sources, length of m xing zones, and dilution and attenuation of pollutants.

A reference or control site should be established for each set of study
sites. The reference site should be conparable to the study site(s) in
terms of depth, gradient, canopy cover (shading), substrate, and other
physical features. It should be located in the sanme reach as the study site
or in alocal tributary to the study streamthat has the sane stream order
as the reach containing the study site(s). As used here, a "reach” is a
section of stream having a uniform stream order. Control sites should be
mnimally disturbed conpared with other sites in the watershed. For |ong-
termnmonitoring, the control site should be afforded sufficient protection
to maintain existing water quality.

The extent of the study site depends on the type of streamto be assessed.
For high-gradi ent streans (see Section 12.1.3 Mcroinvertebrate for
definition), the sanpling site for periphyton is a single riffle. For |ow
gradi ent streans, the sanpling site is a reach of at |east one neander

| ength or about 20 bankful channel wi dths.
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12.1.2.1 Field Observations

The general conposition, amount, color and condition of aquatic
pl ants may be assessed in the field using the Aquatic Plant Field
Sheet (APFS)(Section 21.1.1.8). This information shall help to
descri be the health and productivity of the aquatic ecosystem
defi ne nui sance aquatic plant problens, identify potential
sources and causes of pollution, and docunment changes in the

pl ant conmunity over tine.

Compl eting the APFS is equivalent to an RBP Level | assessnent
for aquatic plants. The APFS should be filled out before

conmpl eting nore detail ed assessnents of periphyton standing crop,
conposition and conmunity structure.
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12.1.2.2 Field-Based Rapid Periphyton Survey

Sem -quantitative assessnents of benthic algal biomass and

t axonomi ¢ conposition can be nade rapidly with a view ng bucket
marked with a grid and a bionass scoring system The advant age
of using this technique is that it enables rapid assessnment of

al gal biomass over |arger spatial scales than substrate sanpling
and | aboratory analysis. Coarse-Ilevel taxonom ¢ characterization
of comunities is also possible with this technique. This
technique is a survey of the natural substrate and requires no

| aboratory processing, but hand picked sanples can be returned to
the | aboratory to quickly verify identification. It is a

techni que devel oped by Stevenson and Rier.

PROCEDURE
1. Fill in top of Rapid Periphyton Survey (RPS) Field Sheet.

2. Establish at least three transects across the habitat being
sanpled (preferably riffles or runs in the reach in which
bent hic algal accunulation is readily observed and
characteri zed).

3. Select three locations along each transect (e.g., stratified
random | ocations on right, mddle, and |left bank).

4. Characterize algae in each selected location by i mersing the
bucket with 45-intersection grid in the water. The original
procedure calls for a 50-dot grid, but DEQ nodified so our
exi sting percent fines buckets, SOP section 11.8.6, could be
used.

-First, characterize nacroal gal biomass.

-Observe the bottom of the streamthrough the bottom of the
vi ewi ng bucket and count the nunber of intersections that
occur over nacroal gae (e.g., Cladophora or Spirogyra) under
whi ch substrates cannot be seen. Record that nunber and the
ki nd of nacroal gae under the intersections on RPS field
sheet .

-Measure and record the maxi mum | ength of the nacroal gae.

-1f two or nore types of macroal gae are present, count the

i ntersections, nmeasure, and record information for each type
of macroal gae separately.

-Second, characterize mcroal gal cover

-While viewing the sane area, record the number of
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i ntersecti ons under which substrata occur that are suitable
size for mcroal gal accunulation (gravel >2 cmin size).

-Determne the kind (usually diatons and bl ue-green al gae)

and estimate the thickness (density) of m croal gae under

each intersection using the follow ng thickness scal e:

0 — substrate rough with no visual evidence of m croal gae

0.5 — substrate sliny, but no visual accunul ati on of
m croal gae i s evident

1 — athin layer of microalgae is visually evident

2 — accumul ation of mcroalgal layer fromO.5-1lmmthick is
evi dent

3 — accunul ati on of mcroal gae |ayer from1lmmto 5mmthick
i s evident

4 — accurul ation of mcroalgal layer from5mmto 2cm thick
i s evident

5 — accumul ati on of mcroalgal |ayer greater than 2cmthick
i s evident

Mat thi ckness can be neasured with a ruler.

-Record the nunber of intersections that are over each of
the specific thickness ranks separately for diatons, bl ue-
green al gae, or other m croal gae.

Statistically characterize density of al gae on substrate by
det er m ni ng:

-total nunber of grid points (intersections) evaluated at the
site (D)

-number of grid points over macroal gae (D,

-total nunber of grid points over suitable substrate for

m croal gae at the site (d,)

-number of grid points over mcroalga of different thickness
ranks for each type of nicroalga (d;)

-average percent cover of the habitat by each type of

macr oal gae (i.e., 100X D4/ D)

-maxi mum | engt h of each type of macroal gae

-nmean density (i.e., thickness rank) of each type of

macr oal gae on suitable substrate (i.e., Sdir;/d;); maxi num
density of each type of nmacroal gae on suitable substrate

QA QC between observers and calibrati on between al gal biomass
a, AFDM cell density and biovolunme cm 2 and taxononic

conposition) can be devel oped by collecting sanples that have
specific mcroal gal rankings and assayi ng the peri phyton.
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12.1.2.3 Standing Crop / Chlorophyll (Sampling, Sample Analysis, Criteria)

The standing crop of periphyton in a streamis controlled by season,
nutrient concentrations, current velocity, grazing, shading, water
tenperature, and other factors. Heavy growths of al gae generally indicate
inferior water quality.

Excess peri phyton growmh nay clog water filters and irrigation equi pnent,
cause taste and odor problems in water supplies, reduce instream dissolved
oxygen levels, interfere with fish spawni ng, degrade nacroinvertebrate
habitat, trap sedi nent and deflect streanflows, and inpair the overal
aesthetics of a stream

A. SAMPLI NG

Peri phyt on standing crop nay be quantified by nmeasuring the amunt of
accrual on natural substrates at the study site. The use of artificial
substrates is not reconmended.

Pr ot ocol 1:

Several techniques are available for sanpling periphyton growmh from natura
substrates (Britton and Greeson (1989), APHA et al. (1992), Porter et al.
(1993)). Different techniques may be needed for different substrates, i.e.
rocks and sedi nent.

Peri phyton growmh tends to be patchy rather than uniform The heavi est,
nost problematic accunmul ati ons should be targeted for sanpling. An

addi tional, nmore random sanpling procedure is outlined in protocol I1. The
percent cover by light, noderate and heavy growths can be estimated on the
Aquatic Plant Field Sheet. Replicate sanples should be collected to
determne variability within the study site.

Prot ocol 11:

Direct extraction can also be used to detect chlorophyll a (Cattaneo, 1991).
Either of the two additional techniques that follow nmay be used for
sanmpling chlorophyll a. First, when taking chlorophyll a sanples in
conjunction with benthic invertebrate sanpling, Arocks with algal cover
representative of the invertebrate sanpling |locations are chosen w thout
intentional bias; extrene conditions, such as extrenely dense or sparse

al gal cover are avoi ded@ (USGS Open File Report 93-409,14). Sanpling a

wi de variety of habitats is possible. Second, the transect survey technique
will allow sanples to be taken repeatedly along the sanme transect |ine every
time a streamis surveyed. (Stevenson, 1997 prelimnary draft). This is
especially useful for fixed station nonitoring in order to detect trends.

For the best ability to detect trends, first objectively establish three
transects across the habitat being sanpl ed. Col l ect a six-rock sanple

al ong each transect, keeping the sanples separate. The sanples should be an
even representation along the line. For intensive surveys only one transect
line is required. To sanple, place a mininmmof six subnerged rocks into a
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pl astic freezer bag. The rock size should be kept to a minimum so the anount
of acetone can be kept to a mininmum (flat rocks with an area sinilar to golf
balls and less). Imrediately store the sanple on ice and away from i ght
(Cattaneo, 1991). The sanples should be sent to the I ab as soon as possible
for chlorophyll analysis.

B. ANALYSIS
Pr ot ocol 1:

Peri phyton material collected froma known area of natural substrate should
be anal yzed for chlorophyll a follow ng Standard Methods for Exam nation of
Wat er and Wastewater (APHA et al. (1992)). Results should be expressed in
mlligrans of chlorophyll a per square nmeter of substrate.

Protocol 11:

Conduct work with chlorophyll in subdued light to avoid degradation. The
pi gnents are extracted fromthe plankton concentrate from aqueous acetone
and the optical density (absorbance) of the extract is deternmined with a
spectrophotoneter. The ease with which the chlorophylls are renmoved from
the cells varies considerably with different al gae.

Extracti on procedure

1) I f processing nust be del ayed, hold sanples on ice or at 4°C and
protect fromthe exposure to light. Sanples taken fromwater having a pH 7
or higher may be placed in airtight plastic freezer bags and stored frozen
for 3 weeks. Sanples from acidic water nmust be processed pronmptly to
prevent chl orophyl| degradati on.

2) Pl ace sanple in plastic freezer bag and cover with aqueous acetone.*
Try to keep the volume of acetone to a minimum (less than 350 nlL). Shake
the rocks for 30 seconds. Wit one hour and shake again for 30 seconds.

* One variation replaces acetone with nmethanol (MeOH) (Hol m Hansen,
1978).

3) Let stand for 23 hours, then have the extracts read in a
spectrophot onet er at wavel engths at 750nm 665nm 664nm 647nm and 630nm

Measuring surface area of stones

1) Measure 25cnf of aluminum foil and weigh to have a wei ght-to-area
ratio.

2) Wap the rocks with alum numfoil and trimoff the excess foil from
t he rock.

3) Weigh the foil and use the ratio to find the surface area of the
rocks.

4) O use another method (such as Graham M Caughan, and MKee. 1988.
Measur enent of surface stones. Hydrobiol ogia 157:85-87) to nmeasure the
surface area.

Cal cul ati ons



Section No. 12.0
Revi si on No. 0
Dat e: 3/31/99

1) Follow the equations in the AStandard Met hods for Exam nation of
Wat er and Waste Water @(APHA et al. (1992)), the chlorophyll a

concentration is cal culated by using the concentration of pignent
in the extract and the recorded surface area of the rocks.

C. CRITER A

The Province of British Colunbia (Nordin, 1985) has set chlorophyll a
criteria for attached growmth in streanms to protect recreation and/or
aesthetics and aquatic life at 50 and 100 mlligranms per square neter,
respectively. Values above these levels are known to be detri nental
to these uses. These criteria are applied province-wide to naturally
growi ng periphytic algae as opposed to algae growing on artificial
substrates. These criteria may be used as guidelines for evaluating
probl ematic periphytic growths in Montana streans.
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12.1.2.4 Composition and Structure (Sampling, Sample Analysis, Criteria, Assessment

Protocols)

Al gae are ubiquitous in Mntana surface waters, easy to collect, and
represented in unpolluted streans by |arge nunbers of species and

i ndividual organisns. Different species are differentially sensitive
to a variety of pollutants, including tenperature, sedinment,
nutrients, salts, and toxics. As primary producers, algae are nore
sensitive to certain pollutants, like nutrients and herbicides, than
ot her aquatic organi sns. Measures of the structure of al gal

associ ations, such as species diversity and doni nance, are sensitive
and useful indicators of water pollution and ecol ogi cal disturbance.

Three | evel s of assessnent are used by the DEQ to eval uate the
conposition and structure of algal associations:

Level 1I: Aquatic Plant Field Sheet (APFS)(Section 21.1.1.8)

Level 11: Identification of soft-bodied al gae to genus;
estimted rel ati ve abundance of cells in each genus;
estimated rank of each genus according to biomass

Level I1l: Identification of diatons to species; proportional count
yi el di ng percent relative abundance of each speci es;
cal cul ati on of diatom association nmetrics

Each | evel builds on information generated in the preceding | evel
below. Level | is a prerequisite for Levels Il and IIl and Level |
is a prerequisite for Level Ill assessnent.

A. SAMPLI NG

M croal gae are collected fromnatural substrates in proportion to the
rank of those substrates at the study site as recorded on the Aquatic
Plant Field Sheet (Section 21.1.1.8). Collection of mcroal gae
typically involves scraping the entire surface of several rocks,
lifting the algal filmoff from nearshore sedinents, and scraping a
subnmerged branch or two. A stainless steel teaspoon is a good all -
around tool for collecting mcroal gae.
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Macroal gae are picked by hand in proportion to their abundance at the
site. In selecting macroal gae for sanpling, the sanmpler tries to
visual Iy distinguish between the various growh forms that represent
different algal taxa. Macroal gae are collected both for determ ning
comrunity conposition and as substrates for nmicroalgae. The goal is
to collect a single conposite sanple that is a miniature replica of
the stand of algae that are present at the study site.

Al collections of microal gae and Macroal gae are pooled into a conmon

sanpl e container. Wde-nouth, four ounce (125 m), plastic jars work

wel | . Enough anbi ent water should be added to the container to cover

the sanple. Then enough iodi ne potassiumiodide (Lugol's Solution)

shoul d be added to inpart a light brown tint to the sanple. The

purpose of the Lugol's Solution is to retard bacterial decay and

sel ectively stain certain algae for easier identification. (CAUTION
If spilled, Lugol's solution will stain clothing and turn paper

| abel s bl ack.)

An identifying | abel should be affixed to the outside of the
container. The | abel should include stream nane and | ocati on, the
name of the collector, and the date.

Sanpl es may be transported without refrigeration, but they should be
kept dark and cold in a refrigerator until they are processed. |If
sanpl es are stored for a long tinme, especially if they are stored at
roomtenperature and in daylight, or if they contain a | arge anmount of
al gae, the Lugol's Solution should be repl enished every few weeks

B. ANALYSIS
Level |l -- Soft-Bodied Al gae

The sanple is poured into a shallow pan and small portions of
different nmacroal gae are renmoved to a nicroscope slide. Renninder of
the sanple is returned to the sanple jar and agitated to di sl odge

epi phytic al gae and randoni ze al gal cells and col oni es.

Then, using a soda straw or |arge-bore pipette, a several -drop
subsanpl e of nmicroalgae is added to the fragnents of nacroal gae on the
glass slide. A coverslip is placed over the al gae subsanpl e,

conpl eting a conposite wet nount.
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The wet nmount is scanned under a conmpound m croscope at 200X. Soft-
bodi ed al gae are identified to genus, stepping up the magnification to
400X i f necessary. After all of the conmmopn soft-bodi ed al gae are

i dentified, each genus is ranked according to its estimted
contribution to the total algal biomass at the site, taking into
account the remnining macroal gae and mcroalgae in the origina

sanmpl e, and information recorded on the Aquatic Plant Field Sheet
(APFS) (Section 21.1.1.8). The genus with the npost biomass is ranked
nunber 1; the genus with the next npbst biomass is ranked number 2, and
so on. Diatons are included, but they are ranked as a group (C ass
Baci | | ari ophyceae) and not as individual genera. Genera that are

rated Arare@are not ranked.

Cenera of soft-bodied al gae and diatonms as a group are also rated as
to the relative abundance of their cells:

R (rare) Fewer than 1 cell per field of view at 200X, on the
aver age;

C (common) At | east one, but fewer than five cells per field
of view

VC (very conmon) Between 5 and 25 cells per field of view,

A  (abundant) More than 25 cells per field of view, but
count abl e;

VA (very abundant) Nunber of cells per field too nunerous to count.

These designations have no counterpart in terns of cells per unit area
of stream bottom Although the density of algae material in each wet
mount shall vary, a certain degree of standardization is achieved by
the need to provide sufficient separation of cells and passage of

light through the nount to allow for the identification of genera and
estimation of cell numbers.

The above information should be recorded in a | ab notebook, along with
information fromthe sanple | abel, the nane of the analyst, the date
of the analysis, project name, and other information as needed.
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The domi nant phylum i ndicator taxa, and number of soft-bodied genera
may be used to evaluate the biological integrity of the study site in
conparison to a control site or ecoregional reference conditions.

Level 111 -- Diatons

Di gest the remai nder of the sanple with concentrated acid to renove
organic matter and cell contents and prepare a permanent diatom nount
according to Procedure 10200D.3 in Standard Methods (APHA et al.,
1992).

Next, perform a diatom species proportional count on the pernanent
mount of between 350 and 450 cells (APHA et al., 1992). The nunber of
cells recorded for each species is divided by the total count and
multiplied by 100 to obtain percent rel ati ve abundance (PRA). Those
species encountered in a floristic scan that precedes the proportiona
count but not during the count itself are designated with a "p" for
"present".

Di at om speci es and raw counts should be recorded on a bench sheet
along with ancillary infornmation. Electronic data storage and
prograns for calculating PRAs and netrics are al so recommended.

In addition to the total nunmber of species counted, five nmetrics nay
be calculated fromthe di atom proportional count PRA data: (1)
Shannon diversity index; (2) pollution index; (3) sedinentation index;
(4) disturbance index; and (5) simlarity index.

Diversity Index. The Shannon diversity index incorporates el enents of
bot h dom nance (equitability) and species richness. Shannon diversity
is less sensitive than species richness to the nunmber of frustules
count ed.

Pollution Index. The pollution index is based on the decimal fraction
of diatonms in each of three pollution tolerance groups: (1) nost
tolerant; (2) less tolerant; and (3) sensitive. Comopn Montana

di atoms are assigned to one of these three pollution tolerance groups
in Section 21.3.1. This fraction is multiplied by the respective
group nunber and the sum of these products is the pollution index.
This index shall range from1.00 (all nost-tolerant diatons) to 3.00
(all sensitive diatons).
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Achnant hes minutissima, a conmon diatomin Mntana streanms, has a
broad ecol ogical anplitude. It can doninate di atom associations in
both very polluted and very pristine streans. It is recommended that
Achnant hes m nutissinma be excluded from cal cul ati ons of the pollution
i ndex when it accounts for 3 percent or nore of the cells in the
proportional count.

Sedi nentation Index. This index is equal to the sumof the PRAs for
all notile diatom species present in the sanple. Mst if not all
species in the followi ng genera are notile: Navicula, Nitzschia,
Surirella, and Cylindrotheca. The sedinentation index shall yield
values ranging from0.0 to 100.

Di sturbance I ndex. Achnanthes mnutissina is a conmon pi oneer species
in mountain streans and often dom nates substrates that are disturbed
by either physical abrasion or by chemical pollution. The percent
relati ve abundance (percent domi nance) useful index of disturbance,

ei ther chemi cal or physical. PRAs <25 indicate a normal |evel of

di sturbance; PRAs between 25 and 50 indicate mnor disturbance; PRAs
between 50 and 75 indicate noderate disturbance; and PRAs >75 indicate
a high level of disturbance.

Simlarity Index. This index is the sumof the snmaller of the two PRA
val ues for each species that is common to both the control site and
the study site or to two study sites. Species restricted to one or
the other site are not tallied because the smaller of the two PRA

val ues shall always be zero. Values for this index shall range from
0.0 (totally different communities) to 100 (identical conmunities).

C. CRITERI A AND ASSESSMENT PROTOCOLS

Two sets of criteria and two assessnment protocols are offered for the
diatoms: one for screening study sites based on reference conditions
establ i shed for nountain (high-gradient) and plains (I ow gradient)
streams (Protocol 1), and another for assessing inpairnent based on

conditions at an upstreamor tributary control site (Protocol 11).
Bot h protocols distinguish anong four |evels of aquatic life

i npai rment and biological integrity. Protocol | should be used only
with netrics calculated fromsanples collected during the sumrer index
period. Protocol Il can be applied to data collected anytime during

t he year.

If both protocols are used, results of Protocol Il should be given
nore weight. This is because Protocol Il is nore sensitive to |oca

conditions. However, this is true only if the local control site is
relatively uninpaired (rates "good" or "excellent" under Protocol 1I)
and represents the biological potential for the study stream

Protocol |: Screening Protoco

This protocol assesses biological integrity and aquatic life

i mpai rment by conparing netric values froma study site to nmetric

val ues derived from|least-inpaired reference streans in the sane

physi ographi c province. Separate sets of criteria have been devel oped
for nountain (high-gradient) streans (Table 1) and plains (| ow
gradient) streans (Table 2). The different criteria for the two types
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of streans reflect the natural factors that influence index val ues:
sumrer tenperatures, concentrations of nutrients, sedinents, and
salts, stream gradi ent and sedi nmentati on.

Up to four diatomindexes may be used in this protocol: (1) species
diversity index; (2) pollution index; (3) sedinentation index; and (4)
di sturbance index (nountain streans only). Each index is assigned a
score based on the value for that index in relation to the criteria in
Table 1 or Table 2. The | owest score establishes the overal

biological integrity and inpairnent rating for the conmunity of

organi sms at that site.

Natural stress nmay result in unusually |ow diversity index val ues and
hi gh di sturbance i ndex values for streams that are pristine in al

ot her respects. This is often true for snmall nountain streans that
have consistently cold water, steep gradients, and |low | evel s of
nutrients and light. Achnanthes ninutissinm often doninates the
diatom floras of these streans. Mountain streanms dom nated by this
taxon and uni npaired by human activities nmay have Shannon diversity

i ndex val ues roughly 2.00; mountain streams with diversity index

val ues nuch I ower than 2.00 (i.e., <1.75) are probably inpaired.

Protocol 1l1: Control Site Protoco
This protocol conpares netric values froma study site to netric

values froma | ocal upstreamor sidestreamcontrol site (Table 3).
The control site nust be of the sane stream order as the study site.

In addition to three of the indexes used in Protocol |, this protoco
uses the percent simlarity index. Protocol Il is nore sensitive than
Protocol | because it conpares study sites with local reference sites
rather than to generalized regional conditions. The |ocal control
site used in Protocol |l should rate "good" or "excellent" under
Protocol |. Protocol Il can be applied year round.

Protocol Il recognizes a possible two-way response by di atom diversity

to different causes and degrees of inpairnent. Sone nmountain streans
with naturally |ow diversity values are known to respond to an

i ncrease in sedinent and/or nutrients with an increase in diversity.
These streans al so experience an increase in the nunber of species
counted. No intrinsic value is placed on this additional diversity
because (1) the species added are nore tolerant of pollution than
preexi sting species, and (2) it represents a deviation fromthe

undi sturbed condition for that site.
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Metric Ref erence Range of Expect ed Response
Val ues
Shannon Speci es Bahl s 1979 0. 00-5. 0+ Decr easel
Di versity
Pol | uti on | ndex2 Bahl s 1993 1. 00-3.00 Decr ease
Siltation I ndex3 Bahl s 1993 0. 00- 90. O+ I ncr ease
1 Shannon di versity and species richness may

i ncrease sonewhat in naturally nutrient-poor
nmountain streans in response to slight to
noderate increases in nutrients or sedinment.

2 This is a conposite nuneric expression of the
pol lution tol erances assigned by Lang-Bertal ot
(1979) to the common di atom speci es; responds to
organi c pollution only.

3 Computed as the sum of the percent abundances of
all species in the genera Navicula, Nitxschia,
and Surirella. These are commobn genera of a
predoninantly notile taxa that are able to
maei ntain their positions on the substrate surface
i n depositional environnents.
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Di st ur bance | ndex4 Bar bour et al. 1997 0.00-100.0 I ncrease
No. Species Counted Bahls 1979, 1993 0- 100+ Decr ease’
Per cent Dom nant Bar bour et al. 1997 5.0-100.0 I ncr ease
Speci es

Percent Abnor nal McFarl and et al. 0. 0- 20. 0+ I ncr ease
Cells 1997

Simlarity |Index VWhi ttaker 1952 0. 0- 80. 0+ Decr ease

4 Comput ed as the percent abundance of Achnant hes

mnutissima. This attached taxon typically

dom nated early successional stages of benthic

di at om associ ati ons and resists chem cal,

physi cal and bi ol ogi cal disturbances in the form
of metals toxicity, substrate scour by high flows
and fast currents.
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